The elephant-grass undergoes successive cutting and periodical evaluations that it possible to identify clones with high stability for dry matter production, which can be used for energy production. The present study was carried out to evaluate stability dry matter yield for different parametric and non-parametric methods in elephant grass genotypes for biomass production undergoes successive cutting in the agroclimatic conditions of the Norte Fluminense (RJ, Brazil). The variable measured in the 40 genotypes was dry matter yield (DMY) at 2009, 2010 and 2011 in a field study designed as randomized block design with two replicates. Each sample was grown in different environment condition. The stability methods tested were the Yates and Cochran's, Plaisted and Peterson's, Wricke's ecovalence, Annicchiarico's, Lin and Binns' and Kang and Phan's. Results indicated that cutting (E) and genotypes (G) influenced significantly on the performance of dry matter yield. The non-parametric stability methods were effective for the evaluation of stability in dry matter yield. Genotypes Mercker, Pinda-México, Mercker 86-México, Guaçu/IZ, Mercker Pinda, P-241-Piracicaba and Cubano Pinda were stable stability dry matter yield. Hence, there are genotypes may be exploited in future breeding programmes in order to improve productivity of upland elephant grass over environment.
INTRODUCTION
Elephant grass (Pennisetum purpureum Schum.) is a tropical perennial grass with high production of biomass. Because of its broad genetic variability, this grass is able to adapt to climatic conditions prevailing in almost the entire Brazil (ANDERSON et al. 2008; OLIVEIRA et al., 2013; OLIVEIRA et al. 2014; ROSSI et al., 2014; SANTOS et al., 2014a,b; MENEZES et al. 2015; OLIVEIRA et al., 2015) . However, it is considered a species of high photosynthetic effi ciency. This results in a great dry-matter-accumulation capacity and a high percentage of fi ber, which is important for energy production (JAKOB et al., 2009; LEE et al., 2010; SOMERVILLE et al., 2010; KALT et al., 2011; AZEVEDO et al., 2012) . With the ever-increasing importance of this forage in Brazil, a trait that should be taken into account is the production stability of genotypes, which can be used to select materials that adapt better to different environmental conditions to provide higher yields and reduce the costs with the culture (DAHER et al. 2003; CUNHA et al. 2013; ROCHA et al. 2015) .
The signifi cant effect of the genotype × environment interaction indicates inconsistent performance of the genotypes according to the environmental variables. The evaluation of this interaction is essential for plant breeding, because the best genotype in a certain environment may not have the same response in another, so it would be necessary to evaluate the stability of the genotypes (ESCOBAR et al.; , CASTILLO et al., 2012 BOSE et al., 2014; SINGH et al., 2014) . According to Cruz and Carneiro (2014) prefer to use the term stability when referring to the response of cultivars over the years in a certain location (temporal stability). When environments are made up of different locations, in a given year it is preferable to use the term adaptability (geographic stability). In an experiment in which successive cuts and evaluations of cultivars are performed over time, it is possible to estimate the temporal stability, which is the greatest interest of producers -an essential factor to guide genetic breeding studies (CUNHA et al., 2013; NASCIMENTO et al., 2013; ROCHA et al., 2015) .
There are methods for stability analysis in several environments, and these methods differ in the stability concepts and principles. Among the proposed methods for study and quantifi cation of the genotype × environment interaction, procedures based on Yates and Cochran's , Plaisted and Peterson's , and Wricke's parametrics methods and Annicchiarico's , Lin and Binns' and Kang and Phan's non-parametric methods (CRUZ and CARNEIRO, 2014; ROCHA et al. 2015) . Thus, the objective of the present study was carried out to evaluate stability dry matter yield and to compare different parametric and nonparametric stability methods in elephant grass genotypes for biomass production undergoes successive cuttings in Norte Fluminense region, RJ, Brazil.
MATERIALS AND METHODS
Forty elephant grass genotypes were evaluated during 2008-2011 seasons at one location (Colégio Estadual Agrícola Antônio Sarlo Research Farm), Campos dos Goytacazes/RJ, Brazil (321º 45' S, 41º 20' W, and 11 m asl) . The randomized complete blocks design with two replications. The experimental plot consisted of one rows 1.5 cm apart and 3 m in length. Fertilizers were applied at 100 kg . ha -1 P 2 O 5 (single superphosphate) prior to sowing and 25 kg . ha -1 of N (ammonium sulfate) and 25 kg . ha -1 of K 2 O (potassium chloride) in shooting stage in four years. The crop was irrigated as needed and weeds were manually controlled.
Dry matter yield (DMY) was measured based on each plot performance. Afterwards, the plants were cut for evaluation in four occasions: the fi rst in June 2009 (12 months after planting), the second in April 2010 (10 months after fi rst cutting), the third in February 2011 (10 months after second cutting), and the fourth in August 2011 (six months third cutting). The code number and origin of the studied genotypes are presented in Table 1 .
Statistical analysis
The combined-analysis model [1]employed was the following, (STEEL et al., 1996) , where Y ijk is the observed value of the-th genotype on the j-th block within the k-th cutting; m is the overall mean of the trial; P i is the effect of the i-th genotype; B j is the effect of the j-th block; ε ij is the error associated with the interaction between genotype i and block j; S k is the effect of the k-th cutingt; ε jk is the error associated with the interaction between block j and cutting k; PS ik is the effect of the interaction between treatment i and cutingt k; ε ijk is the error associated with the interaction among treatment i, block j, and cutting k.
[1]
Stability methods were employed due to the signifi cant genotypes and cutting interaction, Yates and Cochran's, Plaisted and Peterson's, Wricke's parametrics methods and Lin and Binns', Kang and Phan', Annicchiarico's non-parametric methods the procedure described by Cruz and Carneiro (2014) , considering the successive cuts as environments of evaluation of genotypes. Spearman's coeffi cient (ρ) was used in order to evaluate the degree of concordance among the employed methods.
Yates and Cochran's (traditional) method
This method consists of a combined analysis of all environments and the subsequent deployment of the squares sum of the environmental effects and of the genotypes × environment interaction into effects of environments within each genotype. The genotypes that show the lowest θi values are the most stable. Its stability estimator is the following [2] , where Y ij is the mean of genotype i (i = 1, 2,..., g) in environment j (j = 1, 2,..., a); and r is the number of replicates associated with the genotype. in which i=i'
[3]
[4]
[5]
[6] (for j = 1, 2,..., a)
The relative contribution of each genotype was calculated as presented in [7] [7]
Wricke's method
The ecovalence (ωi ) or stability of genotype i is given by, where: : mean of genotype i in environment j; : mean of genotype i; : mean of environment j; and : overall mean. Thus, genotypes with low ωi values have lower deviations in relation to the environments and are more stable 
Lin and Binns' method
In this method, the parameter Pi [10] defi nes the stability of a genotype and is defi ned as the meansquared distance among the mean of a genotype and the mean maximum response for all sites, such that genotypes with lower values correspond to those of better performance. Thus, the estimator is given, Where: P i = superiority index of the i-th genotype; X ij = yield of the i-th genotype in the j-th location; M j = maximum response obtained in all clones in the j-th location; and n = number of locations. Next, the expression was decomposed to obtain the genetic deviation and the deviation due to the interaction. The genetic deviation [11] was obtained by the following expression, where: Y i is the mean of genotype I [12] ; and is the mean of clones with maximum response [13] .
The values obtained in the individual analyses of variance (per cut) of dry matter yield in t . ha -1 resulted in a relationship between the highest and lowest residual mean square (RMS) of 4.53, indicating a relative homogeneity of variances, which allowed the use of these cuts in the combined analysis of variance. Daher et al. (2003) evaluated elephant-grass cultivars to estimate stability parameters and obtained the proportion of 4.94 between the highest and lowest RMS value for the studied cuts.
Based on the combined analysis of variance, the genotypes differed from each other, which indicates the presence of genetic variability. They also showed signifi cant differences by the F test (P<0.05) for the sources of variation cut and genotypes × cuts interaction, which proves that the genotypes' responses were not the same in all cuts (Table 3) . According, Rocha et al. (2015) evaluated elephant-grass in the biannual cuts, combined variance analysis demonstrated signifi cant effects of cuts, genotypes, and cut × genotype interaction on dry matter yield, indicating that the genotypes had different performances.
[9]
[10]
[11]
RESULTS AND DISCUSSION
Signifi cant differences were observed by the F test (P<0.05) and (P<0.01) for dry matter yield in all cuts. The average biomass production decreased from 36.96 t . ha -1 (3rd cut) to 11.38 t . ha -1 (4th cut) ( Table 2 ) due to the shorter cutting interval. Daher et al., (2003) , evaluated genotypes of elephant grass aiming at stability in forage production and found variation in the means per cut, which ranged from 0.755 t . ha -1 to 8.453 t . ha -1 . For dry matter yield, the lowest experimental coeffi cient of variation was 21.41% (3rd cut), and the highest was 29.47% (2nd cut). Cunha et al. (2013) evaluated eight genotypes of Pennisetum spp. for forage production and obtained coeffi cients of variation varying from 40.3% to 33.7%. **signifi cant at 1% probability; *signifi cant at 5% probability a Degrees of freedom.
Once signifi cant differences were observed for the effect of genotype × cutting interaction, methods based on parametric and non-parametric statistics were used for a more detailed analysis of the genotypes' response. The analysis of stability by Yates and Cochran's method, it was found that genotypes 33, 9, 12, 25, 26, 7, 29, 2, 39 , and 13 were the most stable and the least productive, whereas genotypes 17, 18, 36, 32, and 16 were the most productive and unstable (Table 4 ). This shows that the genotypes with least variance among the cuts were, in general, the least productive and high stability, but these are not interesting for breeding, as they do not respond to improvement in the cuts .
By Plaisted and Peterson's method, the genotype with the lowest estimator is considered the most stable (CRUZ and CARNEIRO, 2014) . The genotypes 4, 37, 3, 1, 30, and 27 demonstrate greater phenotypic stability, i.e., lower contribution to the genotype × cut interaction, having average dry matter yields of 21.26, 19.60, 23.14, 23.95, 18.96, and 24 .84 t•ha -1 (Table 4) . However, Daher
[12]
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et al. (2003) obtained estimates by Plaisted and Peterson's methods of forage production of elephant grass and observed that there was no concordance between stability and productivity; in other words, the most productive genotypes were not necessarily the most stable. Wricke's method considers the genotype with the lowest ω i (%) estimator as the most stable; this and Plaisted and Peterson's method are similars, as both use the decomposition of the sum of squares of the genotype × cuts interaction in the derivation of their stability parameters (Cruz and Carneiro, 2014) . Therefore, the obtained conclusions were the same for both stability methods.
In the method proposed by Annicchiarico, stability is measured by the superiority of the genotype in relation to the mean of each cuts. The method is based upon the estimation of a confidence index of a given genotype showing a relatively superior behavior ( Table  4) . Based on the confidence index, genotypes 17, 18, 32, 16, 36, 15, and 6 stood out as the most productive and showed the greatest confidence indices always superior to 110%. This result indicates that on the average of cuts, these genotypes should present, in the worst case scenario, biomass productivities 10% higher than the mean, i.e., there is a lower risk of adopting these materials (DEHAAN et al., 2010) .
The methodology proposed by Lin and Binns allows for quantifying how close a cultivar is to ideal performance, which is understood as a cultivar has highest production in all studied environments (CRUZ and CARNEIRO, 2014). By the ranking of genotypes, it could be observed that their productivity was overall inversely related to their P i estimate ( Table 4 ); genotypes that displayed high stability, such as 17, 32, 16, 36, 15, 31 , and 18, with production above the means of each environment, contributed least to the interaction as compared with the maximum. In Cunha et al. (2013) , by Lin and Binns' method, the genotypes of elephant grass showed low P i values, which ranked them as materials with extensive environmental adaptation and as the most productive, because the deviation in relation to the maximum productivity of each environment is reduced as P i is decreased. Kang and Phan's ranking, associated with the Yates and Cochran method, presented genotypes 34, 18, 3, 1, and 27 among the most stable (Table 5 ). Overall, the most productive genotypes rose to better positions after Kang and Phan's weighting. Genotype 18, which has the 2nd best productivity -30.65 t•ha -1 -was considered the most unstable according to Yates and Cochran's method, and after weighting, it moved into 2 nd place. Because Plaisted and Peterson's and Wricke's method obtained perfect correlation, the application of Kang and Phan's procedure resulted in a same ranking of the genotypes. The five best genotypes, according to Plaisted and Peterson's and Wricke's method, before Kang and Phan's weighting, were 4, 37, 3, 1, and 27, which were ranked 23 rd , 27 Genotypes 17, 18, 32, 36, 16, 6 , and 15 stood out as highly promising by Lin and Binns' method. However, the genotypes indicated by Kang Phan's associated with Lin and Binns' method were 17, 32, 36, 16, 18, 15, and 31 , keeping the first five that showed high stability both in favorable and unfavorable environments (Table 5) .
In Annicchiarico's method, the genotypes with the highest confidence index were those with highest stability. Associated with Kang and Phan's, this method indicated genotypes 17, 18, 36, 16, 6 , and 15 as the most stable and productive. Thus, both methodologies presented good concordance in identifying the cultivars with greatest stability (DEHAAN et al., 2010; ROCHA et al., 2015) .
The methods showed a positive correlation with the mean at the significance level of 1%, indicating that one of them is sufficient for the selection of stable genotypes, except Plaisted and Peterson's and Wricke's, which were not significant (Table 6 ). Scapim et al. (2010) selected best cultivars of popcorn based on stability and adaptability methods and found a significant and positive correlation between Wricke's method and the production mean. Yates and Cochran's method showed a non-significant correlation with Plaisted and Peterson's and Wricke's, and negative and significant correlations with the others; its correlation with the mean, for instance, was -0.865 (p<0.01), indicating that individuals with lower variation throughout the cuts have lower production means.
According to Spearman's coefficient, the methods of Plaisted and Peterson and Wricke were perfectly correlated with each other (ρ=1), and so they have similar correlations with the other methods. This concordance between the estimates of parameters of these two stability methods reveals that the indication of cultivars is the same irrespective of the method, and that the use of both is necessary. Lin and Binns' method had high positive correlations with the means of the genotypes (0.989) and with Annicchiarico's (0.962), and the results obtained by Annicchiarico's method were very similar to those obtained by the model of Lin and Binns. Contrary to Cunha et al., (2013) , who evaluated eight elephant-grass genotypes, Spearman's correlation between Lin and Binns' method and the mean was negative, and Annicchiarico's method had a correlation of 0.967 with the productivity mean.
With the use of Kang and Phan's methodology associated with Yates and Cochran's there was no significant correlation with the mean, Plaisted and Peterson, Wricke and Lin and Binns. Positive correlation was only found with Annicchiarico's method (ρ = 0.338). Kang and Phan's weighting associated with Plaisted and Peterson's showed to be correlated with the mean productivity and with all methods (P < 0.01), except for Yates and Cochran and Kang and Phan's associated with Yates and Cochran's. The same can be concluded for Kang and Phan's method associated with Wricke's, since both had a correlation coefficient of 1. Kang and Phan's method associated with Annicchiarico and Lin and Binns presented a significant correlation with Annicchiarico, Lin and Binns, Kang and Phan associated with Plaisted and Peterson and Wricke. The correlation between Annicchiarico's method associated with Kang and Phan's with the Plaisted and Peterson (-0.044), Wricke (-0.044) and Kang and Phan associated with Yates and Cochran (0.606) were not significant. The results of the methodology of Lin and Binns and Annicchiarico were similar, which is in agreement with the results obtained by Rocha et al., (2015) regarding the similarity in the recommendation of the genotypes by these methodologies.
CONCLUSIONS
The present study reported stability analysis indicated that the parametric methods to give emphasis to inferior genotypes in productivity values. On the other hand, non-parametric methods (LIN and BINNS and Annicchiarico), which recommend deviations from the maximum means, to identified superior ** significant at 1% probability; *significant at 5% probability.
genotypes. The Genotypes Mercker Pinda-México, Mercker 86-México, Guaçu/IZ, Mercker Pinda, P-241-Piracicaba, and Cubano Pinda were stable responsive to favorable environment. Hence, there genotypes may be exploited in future breeding programmes for biomass production in order to improve productivity of upland elephant grass over environment.
